war 8 


< м? af д 


* 
80 


NUL Source 


Perform unsigned multiply operation 
- This instruction assumes one of the operand in АГ or AX 
- Source can be a register or memory location, 
- The multiplication instruction contains one operand because it always 
multiplies the operand times the contents of register Al 
- If source operand is a byte, AX = AL * Source 
- |f source operand is a word, (DX АХ) = AX * Source 
~ Source operands can not be an immediate data 
- It modifies CF and ОЕ (АЕ.РЕ,ЅЕ, ИЕ undefined). 


Format: MUL S 


Operation: (AX) € (AL) * (S8) 
Operation: (DX-AX) € (AX) * (S16) 


Аће MUL 


> CF/OF = 0, If the upper half of the result is zero. 
> CF/OF = 1, otherwise. 


— r m r rasa 


Assembly Language 


Operation 


"m '' Асе multiplied by CL; the unsigned product is in AX 


AL is multiplied by DH; the signed product is in AX 
AL is multiplied by the byte contents of the data segment memory 
location addressed by BX; the signed product is in AX 
AX is multiplied by CX; the unsigned product is in DX-AX 
- AX is multiplied by DI; the signed product is In DX-AX 


AX is multiplied by the word contents of the data segment memory 
location addressed by 51; the unsigned product ls in DX-AX 


IMUL DH 
IMUL BYTE PTRIBX] 


+f 





Hex 


, 


ү 3D, 


x 5A 





262 
131 


lor 32 ira Кезен, 
АХО =82, AX3s IE* 8- 26 
SxD=41, 5x3 =Е+4 = 13 


1572,5 = 5490,, 
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TT TR * Bi Multiplication 
MOV AX, MAH — sa word is moved to AX MOVALSH _. 
MOV BX, 0100H — ;immediate data must be in RM EN MANARE 


; immediate data must be in 
| BX register BL register 
MUL BX! }DX:AX= 002000008, CF=1  MULBL : АХ = 0050, CF =0 


DX AX 


Bee [ei =] [5] — n E 


pate si 
wanka, 


> (AL) = 80h, (BL) = FFh 
After MUL BL 
(AH) = 7Fh, (AL) = 80h, CF/OF = 1. 


T HOO = 0001h, (BX) Я FFFFh. 
* ‘After MUL BX `` ` ' 


(DX) = 0000, (AX) = FFFFh, CF/OF = 0. 


> (AX) = FFFFh, (BX) = FFFFh. 
After MUL BX 
(DX) = FFFE, = 0001h, CF/OF = 1. 


(A= 'OFFFh, (BX) = 0FFFh. 


| After MUL BX 


(DX) = 00FFh, (AX) = E001h, CF/OF = 1. 


> (AX) = 0100h, (BX) = FFFFh. 
After MUL BX 


О = 00ЕЕҺ, (AX),= FF00h, CF/OF = 1. ` 
‚Җа t dq | 


Iw NJ мА Мыл VGI ЛЕТ 


ѓ 6 
; byte x byte : 
- One of the operands must be in AL. The other operand can be eitherina 
register or in memory. 
- After the multiplication the result is in AX. 











word x word : 
ne of the operands must be in AX . The other operand can be either in a 

ide or in memory. 

- After the multiplication the lower word is in AX and the higher word is in 

DX. 

word x byte : 

- Similar to word x word, but AL contains byte operand and AH must be zero. 

i 
> of Multiplication of U Numbers 
MOV CX, 2378H ; a word is moved to CX 
MOV BX, 2F79H ; immediate data must be in 
BX register 

MOV AX, CX ; position data 
MUL BX multiply. 

‚ ko MOV DL OFFSET у; бе address — 
MOV [DI], AX ; store AX in DI memory 

location 
MOV [DI+2], DX ; store DX in DI+2 memory 
location 
| _ DX-AX = AX*CX after multiplication. 
| X pee 191 
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Ab. 
Z 0000 BO 3D MOV AL,3DH ;AL=3DH 
/ 0002 ВЗ 5A MOV BL,5AH ;BL-5AH 
/ 0004 F6 E3 MUL BL ; AX- ALxBL 
à j i 1 ; 


product = 1572Н is in АХ 


v ax s... 
fie meth debug view external virtual devices "virtual drive heip 


in Ц 1" 2n |: 3466. Sui f single step ES fun “ste ONIS MERC msi 0 


— S ж | — 0000 Г отоо: 0006 
DO-B : 
* і L^ 





31A4 


(000 BO M 311: MOV: AX; SIAM. ;AX-31Mg — 


E ВВ. My. BX, 1% c BR=1B2CH. | 6348 


ИЕЫ mh OD = МХК 2220C 
31A4 


0544D430 





fee | 02094: : 
Г a —— fi nl š 
(У 
1 
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IMUL Source 

- The IMUL (signed multiply) instruction performs signed integer multiplication. 

- Unlike the MUL instruction, IMUL preserves the sign of the product. It does 
is by sign extending the highest bit of the lower half of the product into the 

r bits of the product. 

- If source operand is a byte, AX = AL * Source 

- If source operand is a word, (DX AX) = AX * Source 

- Source operands cannot be an immediate data 

- It modifies CF and OF (AF,PF,SF,ZF undefined) 









| Milos — — — 
bytexbyte [AL register or memory [АХ 
Lwordxword [AX  |mgisterormemoy |DXAX | 
[word x byte] AL = byte CBW aè | register or memory |DXAX —-. 


MUL Instruction: 


> Multiply signed numbers 


Format: IMUL S 
IMUL reg/mem8 ;AX = AL* reg/mem8 


РЕНЕ (АХ) < т (58) 


еа " DX:A АХ = АХ * reg/mem16 
eration: (DX-AX) Є (AX) * (S16) 


> After IMUL 
2 CF/OF - 0, If the upper half of the result is the sign extension of the lower 


s — ш bits of the upper half аге the same as the sign 
; lower hal 


> CF/OF = 1, otherwise. 
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/* “The following instructions multiply AL by BL, storing 
‘ . the product in AX. Although the product is correct, AH 


/ is not a sign extension of AL, so the Overflow flag is set: 
/ "MOV AL, 48 ; a byte is moved to AL 
| МОУ BL,4 ; immediate data must һе in 
BL register uj 
IMUL BL ;AX-00COH,OF-1 Í, 


| ка Л, 

$ The following instructions multiply 48 by 42° © 
producing +192 in DX:AX. DX is a sign nam N 
extension of АХ, so the Overflow flag is clear: 


| MOV AX, 48 ; а word is moved to АХ 
MOV BX, 4 ; immediate data must be "ы 
in BX register 
IMUL BX ; DX:AX = 000000C0H, 
—* OF =0 


% The following instructions multiply-4 by 4, 
producing (-16) in AX. AH is a sign extension 
| -of'AT, so the Overflow flag is clear: 


MOV AL, -4 ; a byte is moved to AL 
MOV BL, 4 ; immediate data must 


dedos be in BL register 
IMUL BL ; AX = FFFOH, OF = 0 


—Циц=- 16 | 
164200040000 ғ oot он 
PI 


sd FFF o” 
ban м i 
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Examples: 


(AL) = 80h, (BL) = FFh. 
er IMUL BL 
(AH) = 00h, (AL) = 80h, CF/OF = 1. 


2 (AX) = 0001h, (BX) = FFFFh. 
After IMUL BX 
(DX) = FFFFh, (AX) = FFFFh, CF/OF = 0, 


(AX) = FFFFh, (BX) —FFFFh.- ~ 
er IMUL BX 
(DX) = 0000, (AX) = 0001h, CF/OF = 0. 


> (AX) = 0FFFh, (BX) = OFFFh. 
After IMUL BX 
(DX) = 00FFh, (AX) = E001h, CF/OF = 1. 


>, (AX),= 0100h, (BX) = FFFFh. 
et IN BX 
(DX) = FFFFh, (AX) = FF00h, CF/OF = 0. 


‚ Dec Hex 

‚165 AS 

E ` "A ' 1+ wy >x .24 г y^ 
law... 294 . 5940,5 = 1734. 
14A 

1734 








: But AS = 10100101 can be a signed number 
2'scomp = 01011011 = SBH = 91,5 
Therefore, А5 can represent -91 


pens 


Dec 
327616 = OCCCis 
— T | .= 0000 1100 1100 1100 
LL 2'scomp = 11110011 0011 0100 


= F334H 


poke pir ce at hna IN ams ^ 

— 2 i Therefore, for signed multiplication 
Malt ASH x 24H — F334H 

and пої 1734H 
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/ 
"T Signed Multiplication 
ОООО BO A5 MOV AL ,A5H ; AL=A5H 
0002 B3 24 MOV BL,24H ;BL-24H 
0004 F6 EB IMUL BL ,AX-ALXBL 
| product = F334H is in AX 
кка alit: Mei esd 
эг, : | 00: 000% | 
ð gu AE a 
о - 
ии [е] 
o [n fon [з =] [e 
ao ju ; [s]. 
Weit: [о -] | 
ШЇ [т >]! 
75 Ге] | 


$ 


| 





P. Tones 





[шшш ыыы 


TERA 


= 





fy $6 
X AS lés 
| оч 
^m Srbi S940 
bis Жолду ы 
ec — €... P 
b )73H D 


ER зц 
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AAM : ASCII Adjust after Multiplication 


This instruction, after execution, converts the product available In AL into 
unpacked BCD format. 


| ASCII Adjust after Multiplication. 
Corrects the result of multiplication of two BCD 
values. 


Algorithm: СТЕ 15 [о (РА! 
| e AH AL / 10 RAH? [+7] 


e AL = remainder 





- Adjusts the result of the multiplication of two unpacked BCD values to create 
ir of unpacked BCD values. 
r AX register is the implied source and destination. 
- The AAM instruction is only useful when it follows an MUL instruction. 


Eg. | MOVAL,04 ; AL=04 

МОУ BL 09 ; BL=09 

MULBL ; AX-AL*BL ;AX-24H 
AAM ‚; AH=03, AL-06 


. pm 


BCD Multiplication 





Decimal Binary Cttex) ASCII 
e ° оз оа 
x7 эсО”7 жо 7 
56 38 









carner 


Z 
/ i 
/ 
/ $ Example: 
| МОУ AL,7 
AND AL, 0F 
MOV DL,’6’ 
AND DL,0FH 
MUL DL 
b use 
OR AX, 3030H 
| 
* Example: 
МОУ BL;,5 
|. . MOV AL, 6 
-4 MUL DL 
AAM 
| (С 4% j: gi 
єз, + T l| 
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; AH = 00H 

; AL=07 unpacked BCD 
; DL=36H 

; DL=06 unpacked BCD 
; AX=ALxDL=07x06 


=002AH=42 


; AX=0402 (7x6=42 


unpacked BCD) 


; AX=3432H result in 
ASCII 


; BL = 5H 


; AX=ALxDL=05x06 
-001EH=30H 
; AX=0300 


| Arithmetic Instructions 
` DIV/IDIV: Unsigned/Signed Division 


© Division 
** It is an unsigned/signed division instruction. 
** Occurs on 8- or 16-bit and 32-bit numbers 

} depending on microprocessor. 
> Signed (DIV) or unsigned (DIV) integers. 
* It divides word by byte or double word by 

word. 

** There is no immediate division instruction 

| available to any microprocessor. 

р», : i 








$ A division can result in two types of errors: 
» Attempt to divide by zero 
» Other is a divide overflow, which occurs 
h: деф whenja small number divides into a large 
number. (ex: AX=3000/2 the result 1500 in 
AL cause and overflow). 
+ In either case, the microprocessor generates an 
interrupt if a divide error occurs. 
> In most systems, a divide error interrupt 
displays an error message on the video screen. 


+ The following table shows the relationship 
between the dividend, divisor, quotient, and 
——— Tr? 










— Ie ET IE 





Divid — F: 
— — 


Scanned ру Сат5саппег 


| 
DIV Source 


- Perform unsigned division operation 
- If source operand is a byte, 

AL = AX / Source ‚ AH = Remainder of AX / Source 
- Ë source operand is a word, 

AX=(DX AX)/Source ; DX=Remainder of (DX AX)/Source 
- Source operands can not be an immediate data 


Assembly Language 
Instruction Operation 


DIV rm8 AL = AX rm8 (unsigned) 
AH = remainder 

АХ = DX-AX/rm18 (unsigned) 
DX = remainder 
IDIV гт AL = АХ/гтӘ (signed) 

















Са ор 
ар 


‚ DIV .гю16 







АН = remainder ?. р \ 
— — 6o 
| DX z remainder is undefnef 
C%agbe Lore) 


+ The following table shows the relationship 
T Кац the dividend, divisor, quotient, апа 
remainder. 





Assembly Language Operation 





PN Ohy up on hoy hdd hy Cl; the unsigned quotient is in AL and the remainder ` 
“ml UD) САИ 


DIV BYTE PTR[BP] AX Is divided by the byte contents of the stack segment memor 
location addressed by BP; the unsigned quotient is in AL and the 


remainder is in AH 
DIV CX .— DX-AX is divided by CX; the unsigned quotient is in AX and the 
а: sooo i femprnderisin DX | 
200 


N> 
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Dividend = ВС2Е EEIBC2F 
Divisor = EE B28 
Quotient = CA 9AF 
| Remainder = 63 ОДС 
63 
О000 B8 2F ВС MOV АХ, ОВС2ЕН ;AX=BC2FH 
OQO3 B3 EE MOV BL, ОЕЕН ;BL-EEH 
0006 FG F3 DIV BL PAL-—AX/BL 
quotient = AL = CAH 
k: ү | ! remainder = AH = 63H 


> The following instructions perform 8-bit 
unsigned division (83H/2), producing a quotient 
of 41H and a remainder of 1: 


MOV AX, 0083H ; dividend 
k MOV BL; 02H ; divisor 
DIV BL ; AL-41H, AH-01H 
AX BL AL AH 
—— 
| | ч quotient remainder 


* The following instructions perform 16-bit unsigned 
division (8003H/100H), producing a quotient of 80H and 
a remainder of 3. DX contains the high part of the 


dividend, so it must be cleared before the DIV 


| instruction executes: 


DX AX Cx 
k. r. [eoo [oos] + [шю] — 
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| ; clear dividend, high 


; dividend 
; divisor 
; AX=0080H, DX=0003H 


Ах DX 


quotient remainder 


201 
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Byte / byte 





umerator must be in AL and AH must be set to zero 
-'"Denominator cannot be immediate but can be in memory or in a register. 


word / word 

- Numerator must be in AX and DX must be cleared 

- Denominator can be in memory or in a register. 

- After the division AX-will have the quotient and DX will have the remainder 


word / byte 
umerator must be in AX 
- amem p can be in memory or in a register. 
- After the division AL will have the quotient and AH will have the remainder 


doubleword / word 
- Numerator must be in AX and DX, least significant word in AX and most 
— word in DX. | 
nominator сап be in memory or in a register. 
- After the division AX will have the quotient and DX will have the remainder 





» Example: uL By АХ =3707Н:= 14, 295 decimal 
roa thes ,j BH- 97H = 187 desto. | 
ARB O ` Bw 
СЗАО — = E saei 
AHS mainder = 65H = +101 decimal 
|. 
202 
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/ š IDIV Src 
The IDIV (signed divide) instruction performs 
signed integer division, using the same operands 

/ as DIV. 

© Signed integers must be sign-extended before 
division takes place. 

Li $ Before executing 8-bit division, the dividend (AX) 
must be completely sign-extended. The 
remainder always has the same sign as the 
dividend. 

> Fill high byte/word/doubleword with a copy of 
| the byte/word/doubleword's sign bit. 


rt A И = 
¿ 4 . 


-Perform signed division operation 
- If source operand is a byte, 


AL = AX / Source ; AH = Remainder of AX / Source 
- If source operand is a word, 
AX=(DX AX)/Source ; DX-Remainder of (DX AX)/Source 


_ "Bource;operands срп not be ап immediate data 


2 





Assembly Language Operation 
DIV CX DX-AX is divided by CX; the unsigned quotient is in AX and the 
гет, "тег is in DX 
| IDVSI DX-AX is divided by SI; the signed quotient is in AX and the remainder 
| | is in DX 
DIV NUMB AX is divided by the contents of the data segment memory location 


NUMB; the unsigned quotient is in AX and the reminder is in DX 





IDIV (signed number division) According to Intel manual IDIV means 
As division", Note that all arithmetic instructions-of 8086 are for integer 
nütnbers. For real numbers (i.e. 5.32) 8087 coprocessor is used. 


203 
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 , ее ЧЕТ IE" CE De na, iil 


JF 


/ 


# The following instructions divide-48 by 5. After 
IDIV executes, the quotient in AL is 9 and the 


remainder in AH is 3: 
454 
ЙІ = Рон МОУ AL,-48 ; lower half of dividend 
in AL register 
A*FFDo CBW ; extend AL into AH 
3:595 d МОУ BL, +5 ; divisor 
AL=Ft=-9 IDIV BL ; AL=-9, AH= 
Au = Ро =-3 = 


** The following illustration shows how AL, is sign- 
extended into A X by the CB'W instruction: 





і: TT i aa F o o 


To understand why sign extension of the dividend is necessary, let's 
repeat the previous example without using sign extension. The 
following code initializes AH o zero so it has a known value, and 
then divides without using CBW to prepare the dividend: 

} 


МОУ АН,00 ;upper half of dividend 


MOV AL, - 48 ;lower half of dividend in AL register 
MOV BL, +5 ;divisor Йі = 24н = Ula 
ШІУ ВІ, ; AL=41, АН=3 Ён = ъ 


Before the division, AX = 00D0H (208 decimal). IDIV divides this 
by 5, producing a quotient of 41 decimal, and a remainder of 3. That 
is certainly not the correct answer. 


-ЧХба = 9>е H 204 
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/ p 16-bit division requires АХ to be sign-extended 
into DX. The following instructions divide 5000 by 

РА 256. After IDIV executes, the quotient in AX is -19 
and the remainder in DX is -136: 


/ MOV AX,-5000 ; lower half of dividend 

in AX register 

CWD з extend A X into DX 

1 MOV BX, +256 ; divisor 

IDIV BX ; quotient AX= -19, 

remainder DX= -136 

> Example: 

IDIV BP ;divide a Signed double word in DX and 
АХ by signed word in BP 
| | Шу BY’ КЕ PTR[BX] ; divide AX by a bye at 


| ;offset [BX] in DS 
+ А signed word divided by a signed byte 
i | АХ = 00000011 10101011 = 03ABH=939 decimal 


;BL = 11010011 = D3H = - 2DH = - 45 decimal 
ДУ BL; ;Quotient AL= ЕСН = - 14H = -20 decimal 


+ i 44 v seman der. AH = 3227H = + 39 decimal i 
| S ZI! Ln SADS 4 
D3 — ésne 27 
-45 _ 2 “ 4434 a 


1| MOV ВГ, OD3h 
| DIV BL 






8 pe | lee 
& c 
eer F 


354 =: со 4ео\\ \, 
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JD: ASCII Adjust before Division 
- This instruction converts two unpacked BCD digits in AH and AL to the equivalent 
binary number in AL. This adjustment must be made before dividing the two 

unpacked BCD digits in AX by an unpacked BCD byte. In the instruction sequence, 
this instruction appears Before DIV instruction. 


- E AAD instruction requires the AX register contain a two- digit unpacked BCD 
namber (not ASCII) before executing. 


- Before dividing the unpacked BCD by another unpacked BCD, AAD is used to 


convert it to HEX. By doing that the quotient and reminder are both in unpacked 
BCD. 


Eg. AX 0508 


AAD resultin AX 003A 58)=3AHin AL 


The result of AAD execution will give the hexadecimal number 3A in AL and 00їп 
AH. Where 3A is the hexadecimal Equivalent of 58 (decimal). 


ASCII Adjust before Division. 
Prepares two BCD values for division. 


Algorithm: 


No operands 


e AL = (AH * 10) + AL 
в AH = О 





Boi oi~wision 


Decimal 


Bites 
— GE XA 3 3 = 
= r=š— < [29 — 
= — remna Я. ee x = 
ооо о жас» = os aw, AK, O = O ec $ 2 J——— — eso cr 
оо о љ ж» а cs x< m=. , ож 7px — о agn- 
ooon ns ^. AAD „ ` t JC coz 
e-q z ` 
ооо ~ a жум z 
[] 








- кд, K TO 3. 

— — Гу: Ф.Э GQ у мы ж В >= ген 
bats 

=” A. 1.2.22. з гүйз Жа Муз Мр РИ с Да 3. -- E` E` Е`Е +L 





| 4 To add ап 8-bit signed numberto a 16-bit signed number 
the 88-bit number must be sign extenced: 
Ifbit 7 is 1, make bits Я - 15 one 


Ifbit 7 is O. make bits 8 - 15 zero. 


CBW : Convert byte to word 


-Extends a signed 8-bit number in AL to a signed 16-bit data and stores it into AX 
- It does not modify flags 


Convert byte Into word. 


Algorithm: 
| No operands tf high Dit of AL = 1 then: 


= AM = 255 (OFF) 
lse 
- АН = © 
Example: 
мом AK, О ' 
MOV AL, -3 ¢ 


сви ғ 
RET 


ЕЕ ТЕ 2 
unchanged 


Y ete js NEMPE A i 


PE [TTE 
il peter: 
“3 { А ; 26. 


extended value virwer 





207 
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CWD : Convert Word to Double word. 


- Extends a signed 16-bit number in AX to a signed 32-bit data and stores it 
into DX and AX. DX contains the most significant word 
- It does not modify flags 


Convert Word to Double word. 


Algorithm: 
No operands 


1f high bit of AX = 1 then: 
© DX = 65535 (OFFFFh) 
else 


"DX = о 


Example: 


= 0 
AX = DOOCOh:O0Orrreh 
АХ = DrrrYhiQEFFEP 





i 


Examples. pori 
UE uer С. — КОЛО 00000000 ` | 
qo RAS = 11110000'1000111- = - 3897 decimal 
| ¿Wp È } Convert signed > word in AX to signed double 
1 | | sword i IDX AN: a 


„ 





— 


uni imn 11111111 
ЖЫК Paes ; 00 


0110 000111 |= = -3897 | decimal T 






^ 


208 
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(* word — 


^ | " | =. 
E mi [11111 [11111111 


377 Г 377 
T o — 


| | unsigned: [ 255 T 
I | ngned: | -1 
À — 












Tin — "y AG 
ыр X оГ x | 
bin [11111111 [onion | 


oct | 377 | 373 | 


decimal 8 ba —-——- | 
= Г 255 Eo m 





Add ja -bits to 16-bits (signed) 


'FBH Sign extend FFFBH 

LLESAM +123AH 

1235H 
| deer: Во: ЕВ. MOV ÀL,FBH. А = -5 
002 98 CBW — = =S 


0003 05 ЗА 12 


Mov BL, © 209 
Roo AX: 1234h o o F É 
| +. (2 32 H 
Xx ! 3 2 F 
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ADD AX,123AH АХ = sum 





Hed fL, -S 


C bw 
app ñ 1234h 


FFFB , Ф\ 
{27 
П, #2295 








xt Write an ALP (assembly language programming) for addition of two 8. 
' pit data BB H and 11 H. 
MOV AL, BBH  .:8-bit data BB Н into AL 


фр ‚МОУ CL, 11H : 8-bit data 11 H into СЇ, 
ADD AL, CL : Contents of AL and CL added 
HLT : Stop. 


Comment : Result in AL = CC H. 


2. Write an ALP for addition of two 16-bit data BB11 H and 1122 H. 


MOV AX, BB11H : 16-bit data BB11 H into AX 
MOV CX, 1122H : 16-bit data 1122 H into CX 
D AX, CX : Contents of AX and CX added 
T : Stop 


Comment : Result in AX = CC33 Н. 


3. Write an ALP for addition of two 8-bit data BB H and 11 H. The first data 
has an offset address of 0304 H and displacement 07. 


MOV BX, 0304 H : Offset address put in BX 

MOV AL, 11H : 8-bit data 11H into AL 

s AL, [BX * 07] : B-bit data from offset + displacement added with AL 
: Stop. 


I nui: Result in AL = ССН. 


4. Write an ALP that subtracts 1234 H existing in DX from the word 
beginning at memory location MEMWDS. 


MOV DX, 1234H : 16-bit data 1234 H put into DX 
SUB MEMWDS, DX : Subtract data word 1234 H existing in DX from the data word 
pointed to by MEMWDS. 
: Stop. 


— If MEMWDS points to 3000 H dioe; 
[3001 H : 3000 Н) ~ [3001 H : 3000 H) - 1234 H 


5. Write an ALP which multiplies two 8-bit data 21 H and 17 H. 


MOV AL, 21H : B-bit multiplicand 21 H put into AL 
MOV CL, 17 H : 8-bit multiplier 17 H put into CL 
MUL CL : Contents of CL and AL are multiplied and the result 


bs top Mi stored in AX | 
li Sdp. - CE 


Comment : Result in AX = 02F7 Н. 
6. Write an ALP for dividing 1234 H by 34 H. 


MOV AX, 1234 Н : 16-bit dividend in 1234 H 
MOV CL, 34H : 8-bit divisor in 34 H 
DIV CL : Content of AX divided by content of CL 


T “Вир. — 
dem Result in MEM Quotient in AL = 59.H and Remainder in AH = 20 H. 
3e DTE J ape a ce P 1 ' 


210 


AR KW Ne Оңу у. чөй чыын а 


i 






7. Write an ALP for ASCII addition of two numbers 2 H and 5 H. 
MOV AL, 32H — : ASCII code 32 H for number 2 H is moved into AL 
p" BL 35H  ; ASCII code 35 H for number 5 H is moved into BL 
А : ASCII adjust for addition 


‚ Stop 
Result : (AL) = 07 H. 


~~ an ALP to evaluate X (Y + Z), where X= 10 H, Y= 20 H and 


MOV AL, 20H : 20 H put in AL 
МӘХОнзон, : зон put in CL Г 
D AL, СІ, : AL and CL are added up and result in AL 

МОУ CL, AL, : AL transferred in CL 
MOV AL, 10H : 10 H put in AL 
MUL CL : AL and CL are multiplied and result in AL 
MOV SI, 4000H  : Source address in SI 

MOV SI, AL : AL put in SI 
HLT : Stop. 


s| Write an ALP to evaluate X? +10 , Х, is present in the data segment of 
emory at offset 2000h and store the result in 3000h. 

MOV AL , [2000h] 

MOV AH ,0h 

MOV BL , AL 

MUL AL 

MUL BL 

ADD AX ,000Ah 

Moy [3000h] ‚АХ 

10- Write an ALP that transfers a biock of 100 bytes of data. The source 
and destination memory blocks start at 3000 H and 4000 H memory 
locations respectively. The data segment register value is 1000h. 


MOV AX, 1000h  : Move initial address of DS register into AX. 


MOV DS, AX : DS loaded with AX 
.4, MOV SI, 3000 H iss Source address putinto SI. | 
-M*MOV DI,-4000-H. +: ., : Destination address put into DI. 
_ MOV CX, 64H : Count value for number of bytes put into CX register 
xx: MOV AH, [SI] : Source byte moved into AH 
MOV [DI], AH : AH byte moved into destination address 
INC SI : Increment source address 
INC DI : Increment destination address 
DEC CX : Decrement CX count. 
jJNZxx . : Jump to 200D H until CX = 0 
© YHET : Stop. t 7 
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BIT MANIPULATION INSTRUCTIONS 








LOGICAL INSTRUCTIONS | SHIFT INSTRUCTIONS | ROTATE | 
i | Е INSTRUCTIONS 
| мот SHL / SAL | ROL 
AND SHR | ROR | 
OR SAR | RCL | 
хок | | RCR 
TEST | | 
EJ E 
BIT MANIPULATION INSTRUCTIONS 


= - LOGICINSTRUCTIONS SHIFT INSTRUCTIONS ROTATE INSTRUCTIONS 
AND, OR, XR, NU, TST, ROL ROR RCL Re 


~ Оо ARTETIC SHIFTS 
| NL ЖК SAL, SAR 
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The logic instructions include 
> AND 

> OR 

> XOR (Exclusive-OR) 





коп | бреет | Flageaffected | 


АР undefined 
Inclusive-OR AF undefined 
Logical XOR D, S | (S)e(D)-^(D) OF, SF, ZF, PF, CF 
ше oR Быр 


-— о — — 











) i Allowed operands 
` \- -XOR Instractions for NOT instruction 
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— Include AND, OR, Exclusive- OR, and NOT. 
— These instructions are used at the bit level. 
~ These instructions can be used for: - 

- Testing a zero bit 


Logical Instructions 





- Set or reset a bit 


- Shift bits across registers 


— Logic operations provide binary bit control in low- level software. 
Allow bits to be set, cleared, or complemented. 


AND. Destination, Source 


— The AND instruction performs a boolean (bitwise) AND operation between 
each pair of matching bits in two operands and places the result in the 
destination operand. 
— The following ор combinations аге — 
ra pr + AND reg, reg км 
AND гер, mem 
AND reg, imm 
AND mem, reg 
AND mem, imm 


$ In8086, the AND,instruction often executes in about a microsecond. 
ith newer versions, the execution speed is greatly increased. 


— AND clears bits of a binary number called masking. 

— AND uses any mode except memory- to- memory and segment register 
addressing. 

— An ASCII number can be converted to BCD by using AND to mask off the 
Igftmost four binary bit positions. 
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XXXX XXXX Unknown number 


V BX,3135H , 
Bx ororg ° 0000 1111 Mask 


0000 xxxx Result 





| — СЕ and OF become zero after the operation. 
— PF, SF and ZF are updated. 


^ The AND instruction lets you clear | ог more bits in an operand without 
affecting other bits. The technique is called bit masking. 








Assembly Language Operation 

AND ALBE ` AL&ALAND BL 

AND CX DX CX = CX AND DX 

AND ECX,EDI ECX = ECX ANO EDI 

AND CL,33H CL = CL AND 33H 

AND DI,4FFFH Di = DI AND 4FFFH 

ANDESIÓAH `: № ESl'= ESI ANO 00000034H 

AND AX,IDI] AX is ANDed with the word contents of the data segment memory 
location addressed by DI 


AND ARRAY[SI,AL The byte contents of the data segment memory location addressed 
тмин 

= 3 ' № i to memory 

bio | CL is ANDed with the byte contents of е data segment memory 
location addressed by EAX; the result moves to memory 
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ОВ Destination, Source 


erforms logic OR operation for each bit of the destination and source; stores the 
sult into destination 


Destination and source can not be both memory locations at the same time 
- |t modifies flags: CF OF PF SF ZF.(CF=OF=0). 


XXXX хххх Unknown number 
єє ++ 00001111 Mask 


xxxx 1111 Result 


$ Suppose AL is initially equal to 11100011 binary and 
А then we OR it with 00000100, AL equals 11100111: 


MOV AL, 11100111b 
OR AL, 00000100b ; result in AL=11100111b 
p 
XOR Destination, 


- Performs logic XOR operation for each bit of the destination and source; stores the 
result into destination 


- Destination and source can not be both memory locations at the same time 
- It еа flags: "E OF PF SF ZF.(CF=OF=0) 


Ж хххх‘хххх Unknown number 
@0000 1111 Mask 


хххх ХХХХ Result 
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1% Example: 
MOV AL, 54H ; AL=01010100 b 
ХОК AL, 87H ; result in AL=00101100 b 


, 54H . 0101 0100 
78H 0111 1000 
2CH 0010 1100 


* Example: Clearing the contents of register. 
^ MOV AL, 54H : AL=01010100 b 
ХОВ AL, AL ; result in AL=00000000 b 


^ Flags: SF = CF = OF = 0; ZF = PF=1 
IM ue aes 

SH 0101 0100. 

ын 0101 0100 

00H 0000 0000 


s : Bit to 
MOV AL, 54H ; AL=01010100 b 
XOR AL, 04H ; Toggle bit No. 2 


y "rim ЗЕ | К 
| Ë т: лан‘ 
1010 | 
5 >> | J 35° 
| ^ au + 
; 
А 
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NOT Instruction 





$ NOT Src: 
+ It complements each bit of Src to produce one's 


и complement of the specified operand. 

$ The operand can be a register or memory 
location. 

$ NOT can use any addressing mode except 
segment register addressing. 

$ The NOT function is considered logical, NEG 
function is considered an arithmetic operation. 

$ None of flags are affected by NOT instruction. 


& The NOT instruction toggles (inverts) all bits in 


‚ anoperand. 
+ The following operand combinations are 
permitted: 
NOT reg 
NOT mem 
> Example: "The one's complement of F0h is 0Fh: 
MOV AL, РОН ; AL=11110000 b 
NOT AL ; AL=00001111 b 
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„$t does not modify flags 


with | : unchanged 


* Set: Setting a bit to 1: OR with logic 1. 
* Toggle : XOR to reverse the login level 





Setting, clearing and inverting selected bits in the Destination operand 
* Mask : clear a bit to zero. To clear a bit, we AND it with zero. AND 











es w x n Q w 5 Q 








If K represents a bit (0 ot 1) ther: | 
cud X AND 0 = 0 | х ORO = X X XOR O = X 
X AND pex X OR i=] X XOR 1= Х 
> Example: | 
MOV AL,SSH ; AL=01010101b 
AND AL, 1FH ; AL=15H=00010101b, 
clear bit 7 
OR AL, COH ; AL=DSH=11010101b, 
ХО AL, ЕН  ;AL-DAH-11011010b, 
invert bits 1, 2, 3, 4 
NOT AL ; AL=25H=00100101b, 
toggles (invert) all bits 
H un 216 


Scanned by CamScanner 


xA 





gx: MOV DH,54H 
XOR DH,78H 


Solution: 54H 01010100 
78H 01111000 


| 2С 00101100 SF=0, ZF=0, PF=0, СЕ=ОЕ=0 
Ex: Assume CH=35H 
f ХОК CH,35H 
Solution: 35H 00110101 


35H 00110101 
| 00 00000000 SF=0, ZF=1, PF=1, CF=0F=0 


Ex: Change bit2 (D3) in BL to the opposite value and all other bits would 
remain unchanged. 


XOR BL,04H ; XOR BL with 000 0100 


Splution: This will cause bit 2 (D3) of BL to change to the opposite value; all 
other bits would remain unchanged. 


Examp 47827 ECT x m REE A SE NUM: hm t a x 

т ELA eee ° — 

ма. РА " | синь OR CX: S 
Yt ы ANT iT Tu Кж А > 

pores x4 а rS п. С 









ч Ft — 
on Upper byte vn To wér bytes 
E EVE. ары AREA: v 2 a а т — 
2229909446 fub laum СЫ ed. 
Ex 2: 
Clear a general-purpose register using a four different instructions 
i MOV АХ, ‚0 
i. a EQ: +. 
SUB BX , ВХ 
AND CX , 0 
XOR DX , DX 
} ! 
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EXAMPLE 


Describe the results of executing the following instructions 
MOV AL, 01010101B 
AND AL, 00011111B 
OR AL, 110000008 
XOR AL, 00001111B 
NOT AL 


Solution: 


(AL)=01010101, . 00011111,» 00010101,=15,, 
Executing the OR instruction, we get 


(AL)= 00010101, +11000000,= 11010101,=05,, 
Executing the XOR instruction, we get 


(AL)= 11010101, 6 00001111,= 11011010,=DA,, 
Executing the NOT instruction, we get 


(AL)= (NOT)11011010, = 00100101,=25,, 
EXAMPLE 
Masking and setting bits in a register. 


Solution: 


Mask off the upper 12 bits of the word of data in AX 
AND AX, O00F,, 


Setting B, of the byte at the offset address CONTROL. FLAGS 


MOV AL, [CONTROL FLAGS] 
OR AL, 10H 


| MOV [CONTROL FLAGS], AL 
Executing the above instructions, we get 


(AL)=XXXXXXXX, +00010000,= XXX1XXXX, 
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Changing а letter to its opposite case 


„ Suppose CL contains а lowercase alphabetic letter, To change that letter to 
uppercase, we subtract 20H from CL: 
| SUB CL , 20H 


« Suppose BL contains an uppercase alphabetic letter. To change that letter to 
lowercase, we add 20H to BL: 
! ADD BL ,20H 
«For any alphabetic letter, bit 5 of its ASCII] code is 1; but for the 
porresponding uppercase letter bit 5 is 0. The remaining bits are similar: 


0110 00108 
0110 0011B 


011110018 | * 0101 1001B 
0111 1010B 0101 10108 — 








Thus а lowercase alphabetic letter can also be converted to uppercase by clearing 
bit 5 of its ASCII code, This can be done by using an AND instruction with the 
mask 11011111B or ÜDFh. Example: 


MOV DL,'j 
AND DL, 11011111B 


An uppercase alphabetic letter can also be converted to lowercase by setting bit 5 of 
its ASCII code. This can be done by using an OR instruction with the mask 
00100000B or 20H. Example: 

MOV AL , ‘М’ 

OR AL , 00100000B 


P convert a lowergase or uppercase letter to its opposite case we need only invert 
it 5 of its ASCII code. This can be done by using an XOR instruction with the 
mask 001000008. 
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TEST : Logical Compare Instruction 


The TEST instruction performs the AND operation. The difference is that 
The AND instruction changes the destination operand, while the TEST 
instruction dose not. A TEST affects only condition flags. 


PTT * 


The difference is that the TEST instruction normally tests a single bit (or 


occasionally multiple bits), while the CMP instruction tests the entire byte 
or word. 








(c [z 15401 
aene 
Assembly Language Operation — 

TEST DLbH ' DL is ANDed with DH 

TEST CX,BX CX is ANDed with BX 

TEST EDX,ECX EDX is ANDed with ECX 

TEST AH,4 AH is ANDed with 4 

Í Loe m 

The zero flag (Z) is a logic 1 (indicating a zero result) if the bit under test 


is zero, and Z=0 (indicating a non- zero result) if the bit under test is non 
zero. 


0000 M 0 TEST АМ] ‘test right bit 
0002 75 1C ` JN RIGHT ‘if set 
0004 A8 80 TEST AL, 128 ‘test left bit 
0006 75 38 J ШЕТ 1Ё set 

Ex 


Mov AL, codoololb 
Test AL,4 zf-o 
Test Akl, lob! Zf-1 


qe 
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Shift and Rotate Instructions 


э Shift and Rotate instructions manipulate binary numbers at the binary bit 
level. 


1 Shift instructions are: 
. Shift Logical Left (SHL). - Shift Arithmetic Left (SAL). 
. Shift Logical Right (SHR). - Shift Arithmetic Right (SAR). 


Format: SAR/SHR/SAL/SHL D , COUNT. 


$ Shift: position or move numbers to the left or 
right within a register or memory location. 


& The microprocessor's instruction set contains 
four different shift instructions: 
| > Two Logical shift 
^ P» Two Arithmetic shift 
$ Logical shift function with unsigned numbers. 
_ _. Arithmetic shift function with signed numbers. 





= 5 Logical shifts move 0 in the rightmost bit for a 


logical left shift. 
2- % The arithmetic shift left is identical to the logical 
shift left. 
3- 0 to the leftmost bit position for а logical right 
H- $ The arithmetic right shift copies the sign-bit 
through the number. 
p. iA up АН 
221 
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Target register or memory 


ән [3-4 


j 


5 Shifting means to move bits right and left inside 
an operand. 





+ Logical shifts multiply or divide unsigned data; 
arithmetic shifts multiply or divide signed data. 
| > A shift left always multiplies by 2 for each 
bit position shifted. 
> A shift right always divides by 2 for each 
position. 


> Shifting a two places, multiplies or divides 
by 4. 


$ Segment shift not allowed. 


222 


1. 


27 


Scanned by CamScanner 5 









sHL(SAL) Destination, Count 


„Lefi shift destination bits; the number of bits shifted is given by operand C 
. SAL and SHL are two mnemonics for the same instruction. y ope ount. 


. During the shift operation, the MSB of the destination is shifted into CF and 
zero is shifted into the LSB of the destination 

А Operand Count can be either an immediate data or register CL 

- Destination can be a register or a memory location 

-It modifies flags: CF OF PF SF ZF 

- oFzo if the Pirst орел KeePs orginal sign. 


C Deam о 


MSB LSB 


% The following lists the types of operands 
permitted by this instruction: 
. | Pol setas УТУЕ um 

бани ааваа en 

aa 355 

SHL mem, imm8 

SHL reg, CL 

а > The first operand erand in SHL is the destination апа 
the second is the shift count. 

$ Example: 

MOV AX,BB17H ;AX:-1011101100010111b 
| SHL AX, 1 ; AX=0111011000101110b, CF=1 





|1/0)1/1/1/0]1/|1]00]0]1/0] 1|1]1. 
PEE CL АЙ A a a a o aA 


AX=762EH 





gx: MOV DH,6 
Р MOV CL,4 | : . 
! SHL  DH.CL :set number of times to shift | 





^ golution: 00000110 
СЕ=0 00001100 (shifted left once) 
CF=0 00011000 
CF=0 00110000 
CF=0 01100000 (shifted left 4 times) 
/ After the 4 shifts DH960H and CF=0. 


MOV AX, ВВ17Н ;AX:1011101100010111b 
SAL АХ, 1 ; AX=0111011000101110b, CF=1 


Bit 15 AX Bit 0 


Betore [lo aao ooo oN] a-ne 
PLIES А 
ШЕШИП 


ei 
ее! 


After 
Фу 2 PSI К 


“> Example: In the following instructions, If binary 
` 01000000 (decimal 64, 40H) is shifted right by З 
bits, the result is the same as dividing 64 by 2*: 






AX=762EH 


gt” MOV DL, 40H  ;DL-01000000b 






Sc 
e SHR DL,3 ; DL-00001000b, СЕ=0 
ФАШ КЛ More. By —— — 
— | Hov AL, йо! 


or: SF: Cfe= o Hee SHL At, 4 


At z BoH 
Bev 
At ген [о Í o c o ооо | 24 
АР е + pote- 


1] x a 9 
Als Jou 1 соо ^o o0 SHL = SAL E. 
| oF-4 
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e Example: In the following instructions, BL is 
shifted once to the left. The highest bit is copied 
into the Carry flag and the lowest bit position is 
assigned zero: 

‚ MOV BL, РОН ; BL=11110000b 
SAL BL,1 ; BL=11100000b, CF=1 


Before: BL=11110000b (-16 decimal, FOH) 
After: BL=11100000b (-32 decimal, E0H),CF-1. 


re 





irn iod алы — Шы umi ЧИРЕ ЭЧ 





** Example: In the following instructions, AL is 
| ithmetic twice to the left, bit 7 does not 
Carry flag because it is replaced by 






idi: ji Жу hilal: Бу Е sz: 
upin the 


bit 6 . After SAL, AL=80H (-128d) 

___ МОУ АЕН ` ;AL-11100000b (-32d) 
.. SAL AL,2 _ ; AL=10000000b, CF=1 
БҮ" = (-128 d) 


— Ж 
—4G7 #2 = -3220- -I7ZE 













J shifting left 4 bit multiplies a number by 


i mov ал, 5 Beror es 
ў shl аі, 1 —X& 
After: | 00001010 [=] 


Shifting I 
bu D» 9 left n bits multiplies the operand 


For example, 5 * 22 = 20 












bus a 
ФАХ: [60 jao ` 
e & [oe [ou 

cx [oo foo 

ох [oo foo | 

< елли 1 
Жу iee 
EXAMPLE 

;Multiply AX by 10 (1010) 
0000 01 EO SHL AX,1 ;АХ times 2 
0002 8B D8 MOV BX, AX 
0004 С1 EO 02 SHL AX,2 ;АХ times 8 
ү” 03 сз ADD .АХ,ВХ ;10 times AX 
$ ' . Н А ba ik 
Multiply AX by 18 (10010) 

0009 D1 EO SHL АХ,1 ‚АХ times 2 
000B 8B D8 MOV ВХ,АХ 
000D C1 BO 03 SHL AX,3 ;AX times 16 
0010 03 C3 ADD AX, BX 718 times AX 
j ‚ ¿Multiply AX by 5 (101) ' 
0012 8B D8 MOV BX, AX 
0014 01 EO SHL AX,1 ;ÀX times 2 
0016 D1 EO SHL АХ, 1 АХ times 4 
0018 03 C3 ADD AX, ВХ ;5 times AX 
f 226 


AX 


Scanned by CamScanner — — 










R Destination, Count 
- Right shift destination hits; the number of bits shifted is vi 
P caa RUM a s shifted is given by operand C 
. During the shift operation, the LSB of the destination is shifted inte CF a d 
zero is shifted into the MSB of the destination — 
Operand Count can be either an immediate data or register CL 
ë Destination can be a register or a memory location | 
- И modifies flags: CF OF PF SF ZF 
-iof =o if 49" оРерл keefs org A.Q BA - 


MSB LSB ы 





© Example: 
MOV AX,BB17H ,;AX»1011101100010111b 
J ‚ SHR АХ,1 ; AX=0101110110001011b, CF=1 — ` 


OF: 1 \ 


er ‹-ЕЕЕ-Е-ЕЕЕЕЕЕЕЕЕН-Ы У 


0 - CF 
"s. [B 5 ge 
Before И\о| 11110. 


АХ Bito —- 
NI 


а T1[o[oToT1]o| 11111) AX= BB17H 
жылыса чаша a ea 
NEL ud {ооа о 










> 


[о0[о[о[1[о[1]1] |1 | Ax=spsən 





© Example: In the following instructions, shifting 
the integer 32 decimal (20H) right by 2 bit yields 
the division of 32/2: = 8 ` 
P = bk || МОУ 20H ; DL=00100000b 
^ A— SHR DL, 2 ; DL=00001000b, CF=0 


Ex: MOV AL,9AH 
;set number of times to shift 


MOV CL,3 
Е SHR  AL,CL 
ә 4. À- mca 9 0 E 
Splution:. 9AH 10011010 
01001101 CEO (shifted once) 
00100110 CF-1 (shifted twice) 
00010011 CF-O (shifted three times) 


After three times of shifting AL=13H and CF=0 
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ve Destination, Count 
‚ Right shift destination bits; the number of bits shifted is given by operand Count 
. The LSB of the destination is shifted into CF and the MSB of the destination 
remains the same 
š Operand Count can be either an immediate data or register CL 
- Destination can be a register or a memory location 
- И modifies flags: CF PF SF ZF 


M Гә 


MSB LSB 
> Example: 
| МОУ АХ,ВВ17Н ;АХ=1011101100010111Ь 
SAR AX,1 ; AX=1101110110001011b, CF=1 


AX» BB17H 








ample: In the following instructions, AL is 
shifted once to the right. The lowest bit is copied 
Е tat and the highest bit position is 
filled with the value of the original MSB : 

MOV “w FOH ; AL=11110000b, (-16d) 
| м1 жаре, (-8d) СЕ=0 
tore AL=11110000b (16 qechaal, КОН) | 
After: AL=11111000b 8: decimal, ЕВН), CF=0 








= 
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$ 
$ Example: In the following instructions. АТ, 
‚ AL is 
shifted arithmetic triple to the right. -128 is 
divided by 2°. After SAR, AL=FOH (-16d). 


/ MOV AL,80H ;AL-10000000b (-128d) 
í SAR AL,3 — ;AL-11110000b (-16d), CF=0 





j ;CF = 0, BX = 11100101 11010011 
‘SAL BX, 1 ;Shift BX register contents by 1 bit 
| ;position towards left ; 
;CF=1,BX = 11001011 1010011 


SAR AL, ;Shift signed byte In AL towards right 
NOUIS et Sw ;( divide by 2 ) 
aya n, i AL = 00001110 =+ 14 decimal, CF = 1 
(тз / (2) 
' вн =. 11110011 = - 13 decimal, CF = 1 
SAR BH, 1. ;Shifted Signed byte. in BH to right 
b diis. di aa зан = 11111001 = 29 decimal, Св É | 
б? = EX : 
: “SAT = 01010001 ` 
TEST Al, вон ` ^ $&ND immediate ЗОН with AL to 
Ж eti :test f MSB of AL is 1 or 0 
b: à РОТЕ Е = AifMSBofAL-0 . 
EE o 9 v. unl 
A pt MP. t PESO, SE-Ó | 
ZE = ‘L because ANDing — 
os is 00. 
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j potate instructions are; 
estate Left (ROL), 

Rotate Right (ROR). 

Rotate Left through carry (RCL). 
Rotate Right through carry (КСВ). 


l'ormat: RCR/RCL/ROR/ROL.. D , COUNT. 





[  [ DESTINATION | COUNT — | 
ae) — 





О ROL Destination, Count 
__ Left shift destination bits; the number of bits shifted is given by operand Count = 
— The MSB of destination is shifted into CF, it also goes to the LSB of the destination 
000 c dicis Operand Coubt conjte either an immediate data or register CL 
— Destination can be a register or a memory location 
— lt modifies flags: CF OF 


MSE d 
— OF FO 10 the Jet oPerand Кее [ср 
Асом. Ws = 


О ROR Destination, Count | | 
| — Right shift destination bits; the number of bits shifted is given by operand Count — 
| = Tie LSB of the destination is shifted into CF, it also goes to the MSB of the destination 
| — Operand Count can be either an immediate data or register CL 


— Destination can be a register or a memory location 
— li modifies flags: CF OF 
m" ors. _— x u 
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RCL Destination, Count 


— Left shitt destination bits; the number of bits shifted is gi 
‚25; the nun given by operand Count 
— The MSB of the destination is shifted into CF; the old CF ailis — to the LSB 
of the destination 


— Operand Count can be either an immediate data or register CL 
— Destination can be a register or a memory location 
— It modifies flags: CF OF PF SF ZF MSB LSB 


" 


О RCR Destination, Count 
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— Right shift destination bits; the number of bits shifted is given by operand Count 
— The LSB of the destination is shifted into CF, the old CF value goes to the MSB 
of the destination 


— Operand Count can be cither an immediate data or register CL 
— Destination can be a register or a memory location 
{ — It modifies flags: CF OF PF SF ZF 


SB 


LSB 
— | Ча 


| © Example: 


i Lii = MOV АХ,ВВ17Н ;АХ=1011101100010111Ь 
ROL АХ,1 ; AX=0111011000101111b, CF=1 
ЫЕ ЕН 


Bito СЕ 
[б]лж=вватн 


LES Z ff 
=Й ТЕНТИ [a] rear 
CF 









+ Example: In the following instructions, AL is 
| rotated once to the left. MSB is transferred to LSB 


— — 





MOV AL,40H ; AL-01000000b, (64d) 
ROL AL,1 ; 


AL=10000000b, (1284), үс фил 


k 


PETIT 
bd 2 os tt dis а tie sod DONC UP TP ETT 
— — 


і 
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i 
2  ROL Des, Count: 


' + Exchanging Groups of Bits: You can use ROL to 
exchange the upper (bits 4-7) and lower (bits 0—3) 

i halves of a byte. 

+ Example: In the following instructions, AL is 
rotated 4 times to the left. For example, 26H rotated 
four its in either direction becomes 62H: 

МОУ AL,26H ;AL-00100110b 

m AL,4 ;AL-01100010b, CF=0 

Before: AL-00100110b Q6H) . __. 

After: AL=01100010b (62H) , CF-0 





š Е 


җ=- 


5 Multiple Rotations: When rotating а multibyte integer 
by 4 bits, the effect is to rotate each hexadecimal digit 

ле position tothe right or left. —— 
rotate бА4ВН left 4 bits, eventually ending up with the 





з 


original value: 

MOV AX,6A4BH ;AX=0110101001001011b 
ROL AX,4. .  ;AX-A4B6H, СЕ=0 (6H=0110b) 
FROL AX,4 ; AX=4B6AH, CF=0 (AH=1010b) 

ROL AX,4 ; AX=B6A4H, CF=0 (4H=0100b) 

ROL AX,4 ;AX=6A4BH,CF=1 (BH=1011b) 
| 
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+ ROR Des, Count: 
$ Example: 
MOV AX, BB17H ; AX=1011101100010111b 
ROR AX,1 


; AX=1101110110001011b, CF=1 







Bit 0 


aolopo] „хвали 
SVS 





$ RCL Des, Count: — 
* Example: 
CLC ; CF=0 
MOV АХ, ВВ17Н ; АХ=1011101100010111Ь, CF=0 
(l Вер AXA ~~; AXS0111011000101110b, CF=1 
CF 
Пс: 


CF Віє15 | | Bit 0 





Before: AX-BBI7H = After: АХ=762ЕН 


{ wef гр 
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EXAMPLE 


what іа the result In BX and CF after axecution of the following 
instructions? 


RCR BX, CL 
Assume that, prior to execution of the Instruction. (CL)=04,,. 
(BX)71234,,, and (CF)-0 
Solution: 
Tha original contents of ВХ are 
(BX) = 0001001000110100, = 123444 
Execution of the RCR command causes a 4-bit rotate right 


through carry to take place on the data in ВХ, the results are 
(BX) = 100000010010001 1, = 81234. 

4 (CF) = 0s "nap ЭЖ 
Š RCR Des, Count: 
> Example: 

STC ; СЕ=1 

MOV AX,BBITH ; AX=1011101100010111b, CF=1 
i ju Im У а ВЮ ^. Акь1101110110001011Ь, CF=1 
i | eo [ROR AXI.. ; AX= H 





234 








que. iWorüin BX ls rotated' by: | Y bit towards 
| Might апа СЕ will contain MSB bit and 
;LSB contain CF bit . 


ag [ 
a 3OF = 1, BL = 00111000 

RCR i Bb dora BL- 10011100, СЕ =0 

mu d Hedatisei«M SB 18 éhdnged to:T. : 


ROL |. AX,1 ;Word In AX is moved to left by 1 bit 
IE им Msi biti в to LSB, and СЕ. 


4.1 ми 
4 > 7 Yves va ug “> 
Ке + Tu NA de ; t 1 4 ^ ЧӨ: PT ke a: 
ү; — AM T UIN (tru dois uw 


Brio T een BH =10101110 
ROL: ..—..BH,4- ;sResulf: СЕ {Of =1, BH = 01011101 


Target register or memory 
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H 
por AL,! 
ROR ALI 
РОК AL.I 





MOV AL,36H 


MOV CLJ 
ROR ALCL, 
ть tj 


MOV BX.CTESH 
MOV CL. 
ROR BX.CL 


MOV AL ATH 
ROL ALI 
ROL ALI 
ROL ALI 
ROL АШ 


MOV ALAH 
] . MOV CLA 
ROR ALCL 





AL=001 | 0110 

;AL=0001 1011 CF=0 
:AL=1000 1101 CF-1 
AL=1100 0110 CF=| 


.AL-0011 0110 


*CL=3 number of times to rotate 
:AL=1100 0110 CF=| 


BX=| 1000111 1110 0101 
СІ «6 number of times to rotate 
'ВХ=1001 0111 0001 1111 CF=1 


AL=0100 0111 
:AL=1000 1110 CF-0 
;AL=0001 1101 CF-! 


:ALe0011 1010 СЕ=0 
'AL=0111 0100 CF=0 


-AL=0100 0111 
;CL=4 number of times to rotate 
'BH=0111 0100 CF-0 


Ex: Write a program that finds the number of Is in a byte. 


From the data segment: 
DATAI DB °H 
COUNT DB ? 
From the code segment: 
_ SUB |BLBL 
` MOV DLE 
MOV AL,DATAI 
AGAIN: ROL АШ! 
INC NEXT 
INC BL 
MEXT: DEC DL 
JNZ AGAIN 
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‚МОУ ;COUNT,BL . 


clear BL to keep number of 15 
rotate total of 8 times 


rotate it once 

scheck for | 

a£ CF =1 than increment count 
-go through this 8 times 

if not finished go back 

seve tha number of ones 
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k. CLC 
MOY 
RER 
ЕСЕ 


ЕСЕ 


ALMH 
AL.I 
AL.I 
ALI 
or: 

CLE 
MÜV 
MOV 
RCR 


AL,26H 
сы 
ALCL 


STE 
MOV 
MOV 
RCR 


Б Mov BE,ISH 


RCL BLI 
RCL BL. 


BX37FIH 
CL-5 
BX.CL 


ТС 

MOV BL,I5H 
MOV CL, 
тз тү ЕЗ 


Я = 


CLC 

MOV AX,ISICH 
MOV CL=5 
RCL AX.CL 
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that finds tha number of 1s in a word. Provide the count in BCD. 


нев 
M: V" ofi ihe data segment: 
DATAWI DW ЭТЕАН 
COUNT? DB ” 
From the cade segment; 
SUB ALAL ‘clear BL to keep number of Is 
MOV DL.I6 rotate total of 16 times 
MOV BX,DATAWI 
АШ: ROL ВХ rotate it once 
* INC NEXT heck for | 
| ADD AL. iF CF «1 than add 1 to count 
DAA adjust the count for BCD 
NEXT; DEC DL шо through this 8 times 
JNZ AGAIN -if not finished go back 
MOV COUNT2,AL gave the number of ones 


Note: AL had to be used to make the BCD counter because DAA instruction works only ап AL. 


clear carry, make CF=0 
¿AL=0010 0110 
A L=0001 0011 
AL=0000 1001 
;AL-1000 0100 


CF-0 
СЕ=! 
CF- 


clear carry, make CF=0 
:AL=0010 0110 

*CL=3 number of times to rotate 
{АТ 1000-0100 CF=! 


veel carry, make CF=1 
.BX-0011 0111 1111 0001 CF! 
xCL«5 number of times to rotate 
:BX-0001 1001 1011 111 CF = 


:set carry, make CF=1 
;BL-0001 0101 


;BL-0010 1011 
BL-0101 0110 


CF=1 
CF=0 
CF=0 


:set carry, make СЕ=1 
:BL=D001 0101 CF=1 

2 mimber of times ta rotate 
;BL-0010 1011 CF=0 


clear carry, make CF=0 

;BX-0001 1001 0001 1100 CF=0 
<CL=§ number of times to rotate 
‘AX=0010 001) 1000 0001 — CF-1 
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| HW #5 


|. Select an ADD instruction that will: 
(a) add BX to AX 
(b) add [2H to AL 

} (c) Add 22H to CX 
(d) add the data addressed by SI to AL 





2, Develop a short sequence of instructions that add AL, BL, CL, DL, and AH. Save the sum in | 
the DH register, 

Jo. 

3, Tf DL = OF3H and BH = 72H, list the difference after BH subtracts from DL and show the | 
contents of the flag register bits. | 


J Write a sequence of instructions that cube the 8-bit number found in DL. Load DL with a 5 | 
initially and make sure that your result is a 16-bit number. 


5. Develop a sequence of instructions that adds the 8-digit BCD number in AX and BX to the 
8-digit BCD number in CX and DX. (AX and CX are the most-significant registers. The re- 
quit most:be found in CX and DX after the addition.) 3 


6. Develop a short sequence of instructions that set (1) the three Jeftmost bits of DH without 
changing the remainder DH and store the result in BH. 


Гү Baia ivi 


И И bets 
7. Develop a sequence of instructions thatelear (Othe rightmost four bits of AX, set (1) the 
leftmost three bits of AX, and invert bits 7, 8, and 9 of AX. 


55 
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